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Low cost, improved cook stoves can potentially provide multiple benefits for local envi¬ 
ronments and climate through net reduction in fuel use and emissions from use of 
biomass fuels compared to traditional stoves. However the fuel efficiency of improved cook 
stoves has undergone limited in-field evaluation. In this study, we assessed the effec¬ 
tiveness of rocket mud stoves (RMS) in reducing fuelwood use in a rural community in 
Kenya. Using both cross-sectional and longitudinal (before—after) study designs, we con¬ 
ducted two-day kitchen performance tests in 145 households and 37 households, respec¬ 
tively. Fuel consumption was 5.4 kg d 1 in the rocket stove group and 6.7 kg d _1 in the 
three-stone stoves group. After we accounted for number of people cooked for, cooking 
duration and fuel moisture, RMS use was associated with 1.6 kg d 1 (95% Cl: 0.6, 2.7) lower 
fuel use relative to three-stone stoves in the cross-sectional sample, and 2.2 kg d _1 (95% Cl: 
1.0, 3.3) lower fuel use in the longitudinal sample. Our data suggest that simple wood 
stoves like rocket mud stoves could ease the burden of fuelwood collection for rural 
households, and potentially address social and local environmental consequences of 
fuelwood collection. 

© 2013 Elsevier Ltd. All rights reserved. 


1. Introduction 

Approximately 40% of the world’s population rely on biomass 
as their primary cooking fuel [1], with this population pro¬ 
jected to increase from 2.7 billion in 2010 to 2.8 billion in 2030. 
In Kenya, biomass is the main form of cooking fuel for 68% of 
the population [2], and cooking accounts for nearly 90% of 
biomass consumption in the country [3]. It is estimated that 
Kenya has a wood fuel deficit of 57.2%, which is above the 


Food and Agricultural Organisation’s Critical Scarcity level of 
35% [3]. A contributing factor to this deficit is the use of low 
efficiency combustion means such as traditional three-stone 
stoves, whose level of efficiency can be as low as 15% [4]. 

There are important social, health and environmental 
implications of inefficient biomass fuels use (Fig. 1). 

Social implications include drudgery, physical burden and 
opportunity costs of spending several hours per day gathering 
fuelwood [5—7], Use of biomass fuels on traditional stoves is 


Abbreviations: PICs, products of incomplete combustion; CO, carbon monoxide; CCT, controlled cooking test; KPT, kitchen perfor¬ 
mance test; RMS, rocket mud stove; GIZ, Deutsche Gesellschaft fur Internationale Zusammenarbeit; SES, socio-economic status. 
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Fig. 1 - Pathways through which inefficient wood stoves can contribute to environment and health impacts. The black lines 
represent direct impacts of inefficient utilisation of biomass fuels which would be addressed by fuel efficient wood stoves, 
while the grey lines represent indirect impacts. 


associated with higher emissions of products of incomplete 
combustion (PICs), a complex mixture of indoor air pollutants 
such as carbon monoxide (CO) and fine particles, and atmo¬ 
spheric pollutants that include black carbon, a short-lived 
climate forcer [8,9]. Because the emissions from biomass 
stoves is a factor of the total mass of fuelwood burnt [2,10], 
higher efficiency wood stoves that reduce fuel use can 
potentially mitigate the health and climate change impacts of 
biomass burning in traditional stoves. In specific hotspots, use 
of biomass fuels also contributes to land degradation, defor¬ 
estation and ecosystem degradation [3,11-13]. 

Fuel efficiency of improved wood stoves is an important 
end point to evaluate as it has been shown to be a key deter¬ 
minant of their adoption in household surveys in various 
settings [14,15]. Most successful stove programmes have been 
found to be in areas where people pay for wood fuel or walk 
long distances to obtain it [16]. Despite this, there is little 
empirical evidence on fuel use performance of improved 
wood stoves. 

Performance of wood stoves in fuel use reduction has 
mainly been assessed using experimental methods such as 
Water Boiling Tests and Controlled Cooking Tests (CCT). 
These tests have however been shown to misrepresent per¬ 
formance of cook stoves during daily cooking activities 
[13,17,18], A more representative method is the kitchen per¬ 
formance test (KPT), a stove performance test that measures 
fuel use in households under actual use [17]. To date, very few 
studies have utilised this method, with only one published [19] 
and two unpublished studies [20,21] available in Africa. 
Furthermore, the three studies utilised indirect methods to 
assess fuel consumption. In the present study, our aim was to 
quantify the reduction in fuel use attributable to rocket mud 
stoves at household level compared to traditional three-stone 


stoves using KPT, after accounting for predictors of fuel use 
that were associated with stove type. 

1.1. The rocket mud stoue programme 

We assessed fuel use performance of rocket mud stove (RMS), 
promoted by Deutsche Gesellschoft fur Internationale Zusamme- 
narbeit [22], in comparison to the traditional mode of cooking 
in rural Kenya which is done on three stones (Fig. 2). The 
improved stove program began in 2006, targeting fuel-scarce, 
highly populated rural districts. Rocket type stoves such as 
RMS are designed to save fuel through increased heat transfer 
from fuel to cooking pot [23], This is achieved by leaving a pot 
“skirt” (see Fig. 3) of about 10 cm around the stove that helps to 
hold in the heat and keep the flue gases that touch the cooking 
pot as hot as possible, as well as increasing the speed at which 
these hot gases scrape against the pot surface. The cost of the 
stove varies by the type of construction material (mud, brick, 
recycled cans, metal), number of burners (single, double or 
multiple), and additional functionalities in the stoves such as 
chimneys. In the study setting, the stoves were constructed of 
mud and did not have chimneys that vent smoke outdoors. A 
double burner stove was most common, priced at 9 $ which 
was paid to trained local stove builders. Flexible payment ar¬ 
rangements including in-kind and credit were observed. 


2. Materials and methods 

2.1. Study design and sample size 

The study was conducted in Siaya District, located in Western 
Kenya. Nearly the entire population in the District relies on 
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Fig. 2 - (A) Rocket mud stove (for two pots), and (B) traditional three-stone stove used in rural Kenya. 


biomass fuels for cooking, which is typical of rural Kenya. 
Siaya District is divided into 4 administrative divisions. We 
carried out the study in Karemo Division (geo-coordinates 
0.0400,34.3209) that has an area coverage of 235 km 2 , esti¬ 
mated population of 85,000 that is mostly rural, and average 
household size of 4.07 [24]. We chose Karemo because it was 
the first entry point of GIZ stove project and therefore had 
stoves that had been used for the longest duration. Our sam¬ 
pling frame consisted of all households in the Division that 
met the study criteria, with all the households having an equal 
chance of participating. Households with RMS were sampled 
using GIZ listing of all households in the Division that had 
installed RMS in the past 2 years. For each household with 
RMS, we identified a nearby household with three-stone stove. 
Participants were female heads of the households, and all 
those we approached gave consent. 

We employed two study designs: cross-sectional and 
before-after (Fig. 4). The cross-sectional design compared fuel 
use between households with RMS (n = 61) and households 
with three-stone stoves (n = 84). The before-after design 


measured changes in fuel use after households with three- 
stone stoves at baseline installed RMS. While participants in 
the cross-sectional study had self-purchased the improved 
stove, GIZ paid for the cost of stove installation for partici¬ 
pants in the before—after study. 

Employing two complementary study designs enabled us 
to overcome some of their limitations, including those related 
to mode of stove acquisition. It has been indicated that 
households that receive stoves for free are less likely to use 
them compared to those that purchase them [19]; the befor¬ 
e-after design could thus underestimate fuel savings of an 
efficient stove. A further limitation of the before—after study is 
that changes in household conditions could also account for 
changes in fuel use. On the other hand, cross-sectional studies 
may be biased if there are systematic differences in charac¬ 
teristics of households that purchase the stoves and those 
that do not, and if these factors are not measured and 
accounted for. 

The first KPTs were conducted over a 6 month period, from 
August 2009 to January 2010. During this period, we also 
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Fig. 3 - Rocket mud stove design features. 
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Fig. 4 - Sampling approach employed in the study. 


collected baseline information of the study households 
including demographic, socio-economic, fuel and stove usage 
patterns using interviewer administered semi-structured 
questionnaires. Follow-up measurements were conducted in 
July and August 2010. 

2.2. Fuel use measurements 

Our KPTs were based on two days of repeat fuel use mea¬ 
surements in a relatively large sample size, thereby limiting 
the influence of inter-household variability. As part of the 
experimental protocol, participants prepared three batches of 
fuel enough for 3 days of cooking, based on their typical fuel 
requirements. We did not provide participants with fuel as 
this can bias the test results [25]. On the first day of the tests, 
the three batches of fuel were weighed on a digital scale (SK- 
20KD). The weight of each batch was recorded, with the third 
batch serving as a spare batch. We also estimated the fuel 
moisture content, i.e. the amount of water contained in wood 
as a percentage of the mass of the oven dry wood. The mois¬ 
ture level was obtained using pin-type electrophysics mois¬ 
ture meter (MT800) with an electronic sensor for wood 
moisture level, displayed on the instrument’s screen upon 
contact of the pin points with wood. Because wood pieces in 
the batches were not similar, we obtained an average reading 
of 5-8 pieces of wood in each fuel batch. On the second day 
of the tests, the fuel that remained from the first day 
was weighed and the difference recorded as the day’s fuel 
consumption. The same procedure was repeated on the sec¬ 
ond day. 

2.3. Statistical analysis 

All our analyses were based on fuel consumption in kg per 
day, obtained by averaging fuel consumption for the 2 days of 
measurement. For both study designs, we used ordinary least 
squares (OLS) regression modelling to adjust for potential 
confounders i.e. variables that can also be expected to affect 
fuel consumption, and are statistically associated with stove 


type. Variables were included in the regression model if they 
were associated with stove type at p < 0.10, and if they 
changed effect estimates for stove type by >10%. In order to 
meet the linear regression assumption of independence of 
residuals, we used robust standard errors in the before-after 
analysis, with clustering at the household level. We consid¬ 
ered the association between stove type and fuel use to be 
statistically significant if the 95% Cl did not include zero. 

In the cross-sectional analysis we considered as potential 
confounders time-invariant determinants of fuel use such as 
age of main cook and socio-economic status of household, as 
well as time-varying determinants over the 2 days of mea¬ 
surements, such as number of meals made, number of people 
cooked for and cooking duration. In the before—after analysis, 
we considered the above time-varying factors as well as sea¬ 
sonality. Socio-economic status (SES) was measured using 
type of floor of the house, education level and an asset index 
derived by summing up common asset types. The number of 
people eating meals was analysed as adult equivalent ratios, 
derived using an adaptation of methods of the Food and 
Nutrition Technical Assistance Project [26]. Cooking duration 
for each meal was calculated as the time between the start of 
the fire and completion of meal preparation, which partici¬ 
pants recorded on wall charts from digital clocks that we 
provided them. 

Data were analysed using STATA 12.0 software (StataCorp 
LP, College Station, TX, USA, 2011). 

2.4. Data completeness in the follow-up phase 

Before—after KPTs targeted 50 out of the 84 households with 
three-stone stoves at baseline. The selection criteria for the 50 
households included use of biomass as the main cooking fuel, 
cooking in enclosed kitchens, having no smokers and having 
children below 5 years of age. The last two criteria were 
defined to fulfil the requirements for a study that compared 
indoor air pollution and personal exposure of households with 
three-stone stoves and households with rocket stoves and has 
been described elsewhere [27]. Because the outcome that 
informed the selection of these households was not fuel use, 
the chances that the 50 households are not representative of 
84 baseline households are minimal. In this sub-sample, 13 
households were lost to follow-up, leaving a total of 37 
households with complete before and after fuel use mea¬ 
surements. Reasons for the losses were not significant pre¬ 
dictors of fuel use and included lack of a separate kitchen for 
installation of the new stove or plan to build a new one, and 
unavailability for follow-up. 


3. Results 

3.1. Descriptive characteristics of study households and 

participants 

Table 1 shows selected characteristics of the study house¬ 
holds according to stove type. There were significant differ¬ 
ences between the two stove groups in terms of age of main 
cook, socio-economic status (floor type and asset index) and 
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Table 1 - Characteristics of study households and participants stratified by stove type. 


Between household comparison 

All (n = 145) 

Three-stone 
stove (n = 84) 

Rocket stove 
(n = 61) 

P-value of 
difference 

Age of main cook (%) 

15-24 

33 (22.8) 

22 (26.2) 

11 (18.0) 

0.02* 

25-34 

41 (28.3) 

29 (34.5) 

12 (19.7) 


35-44 

29 (20.0) 

17 (20.2) 

12 (19.7) 


45-54 

18 (12.4) 

9 (10.7) 

9 (14.8) 


55-64 

17 (11.7) 

4 (4.8) 

13 (21.3) 


65+ 

7 (4.8) 

3 (3.6) 

4 (6.6) 


Household size [n(%)] 

1-3 

19 (13.1) 

13 (15.5) 

6 (9.8) 

0.57 

4-6 

60 (41.4) 

34 (40.5) 

26 (42.6) 


7-9 

53 (36.6) 

28 (33.3) 

25 (41.0) 


>10 

13 (9.0) 

9 (10.7) 

4 (6.6) 


Floor type [n(%)] 

Mud 

114 (78.6) 

71 (84.5) 

43 (70.5) 

0.04* 

Cement 

31 (21.4) 

13 (15.5) 

18 (29.5) 


Asset index [n(%)] 

<2 

41 (28.3) 

74 (36.9) 

30 (16.4) 

0.03* 

2-4 

31 (51.0) 

41 (48.8) 

12 (54.1) 


5-6 

10 (20.7) 

33 (14.3) 

18 (29.5) 


Education level [n(%)] 

None 

24 (16.6) 

11 (13.1) 

13 (21.3) 

0.16 

Primary 

96 (66.2) 

62 (73.8) 

34 (55.7) 


Secondary 

23 (15.9) 

10 (11.9) 

13 (21.3) 


Tertiary 

2 (1.4) 

1 (1.2) 

1 (1.6) 


Occasional mixed fuel use [n(%)] 

Yes 

96 (66.2) 

56 (66.7) 

40 (65.6) 

0.89 

No 

49 (33.8) 

28 (33.3) 

21 (34.4) 


Occasional purchase offuelwood 

Yes 

46 (31.7) 

23 (27.4) 

23 (37.7) 

0.21 

No 

99 (68.3) 

61 (72.6) 

38 (62.3) 


Proportion of cooking by respondent [n(%)] 

All cooking 

68 (46.9) 

44 (52.4) 

24 (39.3) 

0.12 

Not all cooking 

77 (53.1) 

40 (47.6) 

37 (60.7) 


Number of adult equivalents per household [mean ± SDJ 

1.4 ± 0.7 

1.4 ± 0.7 

1.4 ± 0.6 

0.95 

Number of meals cooked per day [mean ± SDJ 

3.0 ± 0.6 

3.0 ± 0.7 

3.1 ± 0.5 

0.16 

Average cooking duration per day, in minutes [mean ± SDJ 

101.5 ± 52.2 

94.4 ± 49.6 

111.4 ± 54.4 

0.05 

Water mass fraction in fuel (%) [mean ± SDJ 

17.7 ± 6.2 

18.9 ± 6.8 

16.1 ± 4.9 

0.01* 


Note: 1) * denotes significant P-value from Chi-square or Fischer’s Exact test; 2) Values in the table are total numbers and percentages (in pa¬ 
rentheses) for categorical variables, or mean and s.d. for continuous variables. 


fuel moisture content. The remaining factors were not 
significantly different. 

The main form of fuel was wood, although 66.2% of par¬ 
ticipants reported that very occasionally they would substi¬ 
tute it with charcoal or kerosene. Despite the higher socio¬ 
economic status of households with RMS, use of these other 
fuels was similar in the two stove categories. Households with 
three-stone stoves mostly gathered fuel on a daily basis, un¬ 
like households with RMS who mostly gathered fuel on a 
weekly or fortnightly basis. There were significant differences 
in the age of the main cook across the two stove groups. 
Despite both stove groups having similar family sizes, par¬ 
ticipants in households with rocket stove were predominantly 
in the age category of 55 and above, whereas those in house¬ 
holds with three-stone stoves were mostly aged 25-34. 

Breakfast comprised mainly tea or porridge. The most 
common dish prepared for lunch or supper in all the house¬ 
holds was ugali (traditional maize meal), with vegetables, beef 
or fish as an accompaniment. The second most common dish 


was boiled maize and beans. These two meal types were 
prepared in 87% of the households. Despite similarities in the 
dishes prepared and number of people cooked for in the two 
stove categories, there were differences in the duration of 
cooking, which was longer when rocket stove was used. The 
difference in cooking duration between the two stove groups 
was however not significant (Table 1). Fuel moisture content 
(wet basis) was significantly lower for rocket stoves, consis¬ 
tent with questionnaire findings that the RMS requires dry 
fuel to operate. 

3.2. Effect of stove type on fuel use: cross-sectional 
comparison 

RMS was significantly associated with lower fuel use than 
three-stone stoves in both the unadjusted and adjusted 
models. The distribution of fuel use by stove type is shown in 
Table 2. Households with RMS consumed 1.3 kg d _1 less fuel 
(95% Cl: 0.2, 2.3) than households with three-stone stoves 
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Table 2 - Average fuelwood consumption per day 3 
assessed using the two study designs. 


Type of comparison 


Fuel use in kg d 1 


n 

Mean 

SD 

Min 

Max 

Cross-sectional 






Three-stone 

84 

6.7 

3.5 

0.6 

15.5 

RMS 

61 

5.4 

3.0 

1.0 

13.6 

Before—after 






Before 

37 

6.5 

3.5 

0.6 

15.5 

After 

37 

4.6 

1.5 

2.0 

8.8 


a Average of two days’ measurements. 


before adjusting for covariates (Table 3). After adjusting for 
covariates, one at a time and jointly, RMS remained associated 
with lower fuel use compared to three-stone stove (Table 3), 
although the difference was not always statistically 
significant. 

Independent predictors of fuel use that were also associ¬ 
ated with stove type (Table 1), hence confounders, were age of 
main cook and socio-economic status (floor type). Fuel use 
increased with age and socio-economic status, which were 
both higher in the households with RMS. Therefore adjusting 
for them led to an increase in the difference in fuel use be¬ 
tween the two stove types, from 1.3 kg d _1 (95% Cl: 0.2, 2.3) to 
1.9 kg d _1 (95% Cl: 0.8, 3.0) lower fuel use in RMS group. 

We also assessed the relationship between stove type and 
fuel use after accounting for fuel moisture content, cooking 
duration and number of people cooked for, which were very 
strong predictors of fuel use. Although they were not con- 
founders in this study because they were similar between the 
two stove groups, they have been accounted for in similar 
studies [18,28], Fuel use was higher if the fuels had high 
moisture content, if cooking duration was prolonged and if 


Table 3 — Mean difference in fuelwood consumption 
(kg d _1 ) for rocket mud stove compared to three-stone 
stove: cross-sectional design. 


Variables adjusted 

Coefficient 3 

(95% confidence interval) 

None 

-1.3 (-2.3, -0.2) 

Age of main cook 

-1.7 (-2.8, -0.6) 

Socio-economic status 

-1.5 (-2.6, -0.4) 

(house floor type) 

Age and socio-economic status 

-1.9 (-3.0, -0.8) 

(house floor type) b 

Fuel moisture content, wet basis (%) 

-1.0 (-2.1, 0.1) 

Cooking duration 

-1.4 (-2.5, -0.4) 

Number of people eating meals 

-1.3 (-2.3, -0.3) 

(adult equivalent) 

All c 

-1.6 (-2.7, -0.6) 


a Negative Cl values indicate reduction in fuelwood consumption, 
b Model 1: includes potential confounders in this study i.e. vari¬ 
ables significantly associated with both stove type and fuel use 
(P < 0.10). 

c Model 2: includes confounders in this study, as well as those not 
significant but have been considered as important in other studies. 


more people were cooked for. When all potential confounders 
were accounted for, rocket stoves were associated with 
1.6 kg d _1 (95% Cl: 0.6, 2.7) lower fuel consumption compared 
to three-stone stoves. 

3.3. Effect of stove type on fuel use: before-after 
comparison 

We found non-significant differences in meal varying char¬ 
acteristics of households before and after installation of RMS 
as shown in Table 4. The duration of cooking increased by an 
average of 31 min per day, consistent with cross-sectional 
study findings that RMS takes longer duration to cook. Fuel 
moisture content was higher after households had received 
RMS compared to when they had three-stone stoves, although 
the difference was not statistically significant. There was a 
1.9 kg d _1 (95% Cl: 0.8, 3.1) unadjusted reduction in fuel use, 
from 6.5 kg d _1 (s.d 3.5) to 4.6 kg d _1 (s.d 1.5) after installation 
of RMS (Table 2). When cooking duration, number of people 
cooked for and fuel moisture content were accounted for, 
rocket mud stoves were associated with 2.2 kg d _1 (95% Cl: 1.0, 
3.3) reduction in fuel use. 


4. Discussion 

We observed that variation in fuel use was related to the type 
of stove used, with rocket stoves consuming substantially less 
fuel than traditional three-stone stoves. Both the unadjusted 
and confounder adjusted associations between stove type and 
fuel use were stronger in the longitudinal than the cross- 
sectional dataset. This could be a result of residual con¬ 
founding in cross-sectional comparisons, which despite sta¬ 
tistical adjustment for confounders, underestimated the stove 
effect on fuel use. 

A potential confounder that is difficult to measure is stove 
user behaviour. CCTs have reported user behaviour to be a 
strong determinant of fuel consumption [29,30], more so for 
three-stone stoves which require vigilant tending. Older par¬ 
ticipants could have better skill in operating the three-stones 
stove, contributing to lower fuel use. We found that in 
households where the home owner did all the cooking, fuel 


Table 4 - Determinants of fuelwood consumption in 
households before and after installation of rocket mud 

stoves. 

Meal-varying characteristics 

Before 

After 

of households 3 (n = 37) 

(mean ± SD) 

(mean ± SD) 

Number of adult equivalents 

1.3 ± 0.7 

1.4 ± 0.6 

per meal 



Number of meals cooked 

2.9 ± 0.8 

2.8 ± 0.4 

per day 



Average cooking duration 

198 ± 114 

228 ± 78 

in minutes 



Fuel moisture content, wet 

18.0 ± 6.8 

19.5 ± 7.7 

basis (%) 



a Presented as mean ± standard deviation. 
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consumption was lower than in households where there were 
other cooks, who were mainly children (Table 1). Higher SES 
was associated with higher fuel consumption which could 
have been because it was linked to higher fuel availability. 
Fuelwood in Kenya and in the study setting is sourced mainly 
from indigenous vegetation such as bush lands and wooded 
grasslands, followed by farmlands and plantations [3]. 
Sourcing from indigenous vegetations does not yield as much 
fuel as cutting of trees in farms and plantations, the latter 
being more likely with higher SES as we found. We likely 
accounted for user behaviour, in part, by adjusting for age of 
main cook and SES. 

Apart from the confounding factors discussed above, we 
considered several others identified in the literature, but 
which were not associated with either fuel type or stove use or 
both in our data. There was limited variability in the house¬ 
holds in terms of types of dishes prepared, number of meals 
cooked and number of people eating the meals. Although they 
were predictors of fuel use, they did not vary substantially 
between households with different stoves, or within the 
households involved in the before-after study. Seasonality 
was not associated with stove type or fuel use after accounting 
for fuel moisture content, probably because there are no 
marked seasonal variations in this setting that would have a 
strong influence on fuel consumption. Unlike in other set¬ 
tings, fuelwood in rural Kenya is used only for cooking and not 
for heating. On average, RMS took longer time to cook than 
three-stone stoves, consistent with results of some CCTs 
[29,31,32]. Cooking duration did not however emerge as a 
strong predictor of fuel use in our data. 

There have been very few studies reporting household fuel 
use by conducting KPTs. While some field studies have found 
significant difference in fuel consumption between the two 
stove types [13,32—34], others [19,28,30,31] have not. 
Comparing our findings on specific fuel consumption with 
those of other studies is however difficult due to variations in 
stove designs, uses of the stoves, meal types, fuel types and 
other location specific characteristics. 

Studies that have evaluated fuel use performance of 
improved wood stoves using CCTs have also reported mixed 
results, with some authors [13,32—34] finding that the 
improved stove significantly reduces fuel use and others 
[30,31] finding no association between stove type and fuel 
use. The results of these studies are however not comparable 
to KPTs, as it has been shown that fuel saving estimates 
based on these tests are not fully representative of daily 
cooking activities under real world conditions that KPTs aim 
to assess [18]. 

Our main study finding, that RMS reduces fuel use, has 
important implications for policy and programmes that aim to 
relieve the rural households’ burden of fuelwood collection 
and opportunity cost associated with it; as well as those 
aiming to address local environmental impacts of fuelwood 
collection (Fig. 1). 

The findings of this study were consistent with anecdotal 
reports from the households that RMS reduces fuel use, which 
was reported as the main reason for stove purchase, consis¬ 
tent with other findings that reduced fuel use is possibly the 
most compelling reason for adoption of improved cook stoves 
[14,16], A study in Sri Lanka found that women were more 


concerned about the burdens imposed by the “fuel chain” 
from collection to processing, than household air pollution 
[15]. We also found that the neighbour was the most impor¬ 
tant source of stove information, demonstrating the impor¬ 
tant influence of their perception on stove performance to 
RMS adoption in the community. 

The significant reduction in fuel use observed in this study 
could also lead to reduced vegetation loss at local level. The 
2 kg d _1 fuel use reduction per household we have estimated 
translates to 40,000 kg d _1 per day for Karemo Division, or 
14.6 million tonnes of biomass saved annually. In rural set¬ 
tings where biomass fuel use leads to deforestation, our esti¬ 
mates of fuel use reduction from RMS use could contribute 
towards curbing deforestation. The low cost of RMS makes it a 
feasible intervention in the study setting which is charac¬ 
terised by high poverty levels. 

Other co-benefits such as climate change mitigation and 
improved health could also accrue from reduced fuel use as 
illustrated in Fig. 1, but warrant further research as evidence 
from studies available is not conclusive. A study in rural 
Uganda that characterised emissions from rocket stoves 
showed that reduced emission of (PICs) from the stoves 
resulted from reduced fuel use rather than improved com¬ 
bustion [31], In contrast, a study with a different stove design 
in India found that “pollutant emissions increased with 
increasing stove thermal efficiency”, implying that thermal 
efficiency enhancement in the improved stoves was mainly 
from design features leading to increased heat transfer but not 
combustion efficiency [35]. Another evaluation of various 
stoves in India showed that the improved stoves had 
improved fuel efficiency but worse PICs’ emissions than 
traditional stoves [36]. 

Obtaining similar results from two different study designs 
increases confidence in our study findings, and suggests that 
residual confounding by systematic differences between 
households according to stove type did not explain the results. 
There was little evidence that selection bias affected our re¬ 
sults since the demographic and socio-economic profiles of 
the 300 households who were surveyed through question¬ 
naires were comparable to those of the 145 households where 
we performed KPTs. A limitation of this study is that the KPTs 
were based on two days’ measurement due to logistics, while 
the recommended protocol is 3—7 days [25]. However, we 
found limited within household day-to-day and before-after 
variability in predictors of fuel use, suggesting that our 2-day 
measurements provided a fairly good representation of 
household fuelwood consumption in the study setting. 


5. Conclusion 

This study suggests that rocket mud stoves lead to substantial 
reduction in fuel consumption compared to traditional three- 
stone stoves in rural Kenya. Poverty constrained households 
in rural settings may not need to wait for clean fuels or 
advanced combustion wood stoves to reduce the physical 
burden and drudgery of fuelwood collection, and its oppor¬ 
tunity cost. In Kenya and other settings where fuelwood de¬ 
mand already exceeds the available supply, fuel efficient 
wood stoves offer a short-term solution to the imbalanced 
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biomass energy supply and demand as longer-term solutions 
are sought. Further research is needed on other benefits of 
improved stoves in terms of health, environment and climate 
protection. 
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